Scientific knowledge is an important ingredient in the innovation process. Drawing on the knowledge-based view of the firm and the literature on the relationship between science and technology, this paper scrutinizes the importance of university scientists' mobility for firms' innovative activities. Combining patent data and matched employer-employee data for Danish firms, we can track the labor mobility of R&D workers from 1999 to 2004. We find that new joiners contribute more than long-term employees to innovative activity in the focal firm. Among new firm recruits, we observe that newly hired former university researchers contribute more to innovative activity than newly hired recent graduates or joiners from firms, but only in firms with a high level of absorptive capacity in the form of recent experience of hiring university researchers. We find also that firms' recent experience of hiring university researchers enhances the effect of newly hired recent graduates' contributions to innovation.
INTRODUCTION
Search is considered to be local when it involves knowledge that is close to the focal organization's current knowledge base (Helfat, 1994) . The advantages to firms that conduct local searches in the course of their problem-solving activities-including problem-solving related to innovation-are well known, and are among the reasons why local search tends to prevail (Fleming & Sorenson, 2004; Nelson & Winter, 1982) . However, too much reliance on local search could potentially be damaging or fatal for the organization (Levinthal & Rerup, 2006; Levinthal & March, 1993; March, 1991; Tripsas & Gavetti, 2000) . An important way for private firms to overcome the local search problem relating to innovation is to use science. The role of science and scientists-or "philosophers and men of speculation" as scientists once were described 1 -in distant search and consequent innovative activity was noted by Adam Smith as early as 1776 in his Wealth of Nations:
"Many improvements have been made by the ingenuity of the makers of the machines, when to make them became the business of a peculiar trade; and some by that of those who are called philosophers, or men of speculation, whose trade it is not to do anything, but to observe everything, and who, upon that account, are often capable of combining together the powers of the most distant and dissimilar objects in the progress of society…" (Smith, 1976: 10, emphasis added). Fleming and Sorenson (2004) point out that it was not until the second half of the 20 th century that researchers began to test this link empirically, and to develop it further, from a theoretical point of view. An early empirical result in the innovation literature established that successful innovations compared to unsuccessful innovations, show a closer coupling with the scientific and 1 See Pavitt (1991: 110) .
2 technological community in relation to the specific innovation project (Rothwell, Freeman, Jervis, Robertson, & Townsend, 1974) .
Our study is concerned with the role of scientific skill in technological innovation in industrial firms. It is located within two streams of the research literature. The first strand is preoccupied with the role of science (and scientists) in industrial innovation; the second investigates labor mobility among organizational units in the context of innovation. The work within the first strand focuses on how science and university scientists contribute to the innovative efforts of private business firms (e.g., Cockburn & Henderson, 1998; Fleming & Sorenson, 2004; Gibbons & Johnston, 1974; Gittelman, 2007; Jaffe, 1989; Liebeskind, Oliver, Zucker, & Brewer, 1996; Spencer, 2001) . Within this body of work, Jaffe (1989) , in a study of the extent of research and development (R&D) knowledge flows at US state level finds that corporate patenting responds positively to knowledge from academic research, providing evidence of the importance of geographical proximity for shaping the patterns of university-industry interaction. This suggests that the co-location of complementary resources may increase the opportunities for commercialization. Fleming and Sorenson (2004) point to the advantages of scientific thinking in technological search. They show that patents are more frequently cited if they contain references to scientific papers, and if the frequency of the patent subclasses that appear in combination with other subclasses, in other patents, is high (the authors describe this as "coupling"). In the context of high levels of coupling, Fleming and Sorenson argue that scientific knowledge and methods can serve as a "map" that helps to structure the search process more systematically. Along these lines, Gittelman (2006) finds that patents whose development involved scientists who had worked in a public lab before later joining a biotechnology firm, receive more citations than other patents.
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The second strand in the literature focuses on labor mobility as a source of knowledge spillovers for innovative activity (e.g., Almeida & Kogut, 1999; Corredoira & Rosenkopf, 2010; Kaiser, Kongsted, & Rønde, 2011; Rosenkopf & Almeida, 2003; Singh & Agrawal, 2011; Song, Almeida, & Wu, 2003; Tzabbar, 2009) . For example, Rosenkopf and Almeida (2003) examine pairs of firms and show that dyads involved in high levels of mutual labor mobility are involved also in greater knowledge flows. As a consequence, inter-firm collaboration through alliances, combined with inter-firm labor mobility, might help to overcome the local search problem referred to above. Also, Tzabbar (2009) shows that the recruitment of technologically distant scientists is positively related to firm-level technological repositioning. In a paper that uses the Danish register data employed in our study, Kaiser, Kongsted and Rønde (2011) study the mobility of workers across private sector employers. They find that workers who transfer to a new firm from a previous employer that was involved in patenting, contribute substantially to their new employers' patenting activity. They contribute more than joiners from non-patenting firms, or non-mobile workers. Their main finding, however, is that workers who leave to join a firm that patents, appear also to contribute to the patenting activity of their previous employer.
They also promote stronger cross-citation between the two firms.
While both these streams of research have produced important insights, they have some major limitations. The contributions in the first stream do not explicitly model the mechanisms by which industrial firms gain access to academic science and/or do not analyze how this access affects firm-level outcomes. The second group of work does explicitly model a mechanism (labor mobility), but typically looks at hirings from other industrial firms but not from universities. It looks also at how labor mobility affects the hiring firms' technological search processes (reflected in patent citations), not their innovative output. Lastly, this literature relies 4 predominantly on patent data for measuring R&D worker mobility. This implies that only individual inventors whose names appear on patents registered before and after a move will count as mobile.
The present study should help to fill some of these gaps. It analyzes the effect on private sector firm-level innovation of recruiting R&D workers from universities, controlling for and comparing the inward mobility of labor from other types of organizations. To our knowledge, this is the first paper to study this effect. Empirically, we can trace the mobility of all R&D workers in an entire economy and not just that of persons named on patents, before and after a move. The paper draws on the knowledge-based view of the firm and the literature on the relationship between science and innovation, to examine the importance of mobility of university scientists for firms' innovative activities. Using these elements, we build a theory whose basic proposition is that firms' hirings of university researchers can provide important support for boundary-spanning search that leads to more firm-level innovation. However, while university scientists often interact with private firms on the basis of aligned economic interests, they operate under very different incentive systems which reward the disclosure rather than the exploitation of knowledge (Breschi, Lissoni, & Montobbio, 2008; Dasgupta & David, 1994; Gittelman & Kogut, 2003) . Therefore, there are significant initial costs involved in hiring university scientists. For this reasons we hypothesize that absorptive capacity, represented by experience of hiring university scientists in the past, is central to achieving benefit from this type of recruitment.
We use a unique register data set on the entire population of Danish firms and their employees, for the period 1999 to 2004. These data allow us to measure the average innovation effects of public R&D workers moving to private firms. We link these data to the number of each 5 individual firm's patent applications to the European Patent Office (EPO); this is our measure of innovation. The analysis focuses on firms that employ at least one R&D worker, since these firms are more likely to patent. It is based on 16,531 observations for 5,714 firms. The econometric analysis takes account of state dependence-past innovative activity is likely to have an impact on present innovation, and also unobserved firm-specific time-invariant heterogeneity-some firms may be inherently better at innovating than others, perhaps because of better management of R&D. We investigate the extent to which science or engineering graduates who join a private firm following employment as a university researcher after graduation ("joiners from universities"), contribute to the innovative output of the firm they join.
We also consider the effects of recent science or engineering graduates who enter the private sector after graduation ("recent graduate joiners"). We contrast these impacts with the effects of R&D workers who either worked in another firm ("joiners from firms") or have been employed only by the focal firm ("stayers"). In line with the literature, we find that firm joiners contribute more than stayers to innovative activity, that is, in the context of innovation, firms can engage in explorative learning through inward mobility of researchers. More importantly, we find that newly hired university researchers make a bigger contribution to innovative activity than newly hired recent graduates or joiners from other firms, but only if the hiring firm has recent experience of hiring university researchers. In addition, we find that firms' recent experience of hiring university researchers enhances the effect of newly hired recent graduates' contributions to innovative activity.
EMPIRICAL AND THEORETICAL BACKGROUND
There is a long tradition in innovation studies (Fleming & Sorenson, 2004; Kogut & Zander, 1992; Nelson & Winter, 1982; Schumpeter, 1912 Schumpeter, /1934 ) that proposes that innovation can be 6 conceptualized as resulting from the novel integration of previously separate bodies of knowledge that have commercial application. The knowledge-based view posits that a firm's competitive advantage depends on its ability to combine initially separate knowledge and to recombine the resulting new knowledge to produce innovations, through a learning process that depends on the level of the given firm's "combinative capabilities" to synthesize and apply current (firm-internal) and acquired (external) knowledge (Kogut & Zander, 1992) . We build on this approach and examine the ability of firms to create new knowledge by recombining recombination knowledge from across organizational boundaries, i.e. combining their existing knowledge with new knowledge acquired via worker mobility. We focus particularly on the knowledge reconfiguration capabilities of firms by examining the inward mobility of university scientists.
Our analysis starts from the premise that human capital is mobile since employees generally are free to quit and take up a new job at will, and that they carry with them some parts of the knowledge developed at the previous employer (Agarwal, Echambadi, Franco, & Sarkar, 2004; Campbell, Ganco, Franco, & Agarwal, 2012; Liebeskind, 1997) . We assume also that some university scientists and other R&D workers are willing/able to move. The reasons commonly cited for university scientists moving to employment in industry are higher salaries, and in some cases, better research funding opportunities (see e.g., Agarwal & Ohyama, 2012; Roach & Sauermann, 2010) , although the reasons for a move are not a central concern of the present paper.
We adopt Nelson and Rosenberg's (1994) view that universities conduct mostly basic research, aimed at understanding phenomena at a relatively fundamental level, although this is not to imply that such research is unaffected by the pull of important technological problems and objectives. Nelson and Rosenberg (1994) suggest that the major share of industry R&D is aimed at shorter term problem-solving, design and development. Because the payoffs are more immediate and easier to appropriate than those from basic research, industry performs very little basic research and undertakes relatively little training of scientists in research skills. Since science is concerned mostly with explorative learning, firms often find academic science and scientific skills extremely useful complements to their internal capabilities when working on innovations. However, as we describe below, these more academic skills can be problematic for profit-motivated firms.
HYPOTHESES

Boundary-spanning through general labor mobility
Our first hypothesis can be considered a "baseline hypothesis". It corresponds with what is implied in the innovation and labor mobility literature (Rosenkopf & Almeida, 2003; Singh & Agrawal, 2011; Song et al., 2003) , although this literature focuses on the effect of mobility on knowledge flows, and not on the level of innovative activity, the focus of the present paper.
Innovative activities are largely firm-specific, local and cumulative, making inter-organizational transfer of useful knowledge difficult (Dosi, 1988; Szulanski, 1996) . However, as Dosi (1988: 1131) notes, "People can be hired away from one firm to another", enabling the transfer of the skills and tacit knowledge related to innovation.
The innovation literature (Cantwell, 1989; Helfat, 1994; Pavitt, 1988; Stuart & Podolny, 1996; Tripsas & Gavetti, 2000) suggests that initially, the organizational members should search for innovative solutions related to new processes, products, and services in areas where the organization already has expertise. Nelson and Winter (1982: 9-10) refer to organizations being "typically much better at the tasks of self-maintenance in a constant environment than they are at 8 major change, and much better at doing 'more of the same' than they are at any other kind of change". In other words, learning is easier if it is related to the familiar (Cohen & Levinthal, 1990 ). The problem with firm-internal ("local") sources of inputs to the innovation process is that-on their own-they tend to provide limited inspiration and variety for resolving innovation-related problems; the local search environment is narrow in terms of opportunities for the combination and recombination of knowledge (Chesbrough, 2003; Fleming & Sorenson, 2004; Laursen & Salter, 2006; Rosenkopf & Nerkar, 2001; Rothaermel & Alexandre, 2009 ). Our definition of innovation involves the novel integration of previously separate bodies of knowledge, thus the availability of variety is central (Metcalfe, 1994) . In-house sources of knowledge variety, by definition, are limited but beyond the boundaries of the focal organization are numerous sources. In the context of R&D worker mobility, inward mobility-regardless of origin-provides the hiring firm with access to parts of the previous employer's organizational routines and knowledge bases, which most likely are different from those of the focal firm.
These internal and external elements can often be fruitfully recombined to produce innovation (Kogut & Zander, 1992) . In sum, we hypothesize that:
Hypothesis 1: Joiners contribute more to innovative activity than firm stayers.
The benefits of hiring university scientists for innovative activity
The literature on the role of academic science for industry innovation identifies several benefits (see, Pavitt, 1991; Salter & Martin, 2001) . They can be obtained through the hiring of human capital (university researchers) which arguably is an important channel for the transmission of science: knowledge transfers in the context of the links between basic science and technology "are mainly person-embodied, involving personal contacts, movements, and participation in national and international networks" (Pavitt, 1991: 112) . We can distinguish 9 three major benefits from employing former academic scientists: 1) their direct and important role in technological problem-solving, based on their scientific knowledge; 2) their access to networks within the university system, which contributes to their technological problem-solving activities; and 3) their application of general scientific research skills and techniques to technological problems. Note that these benefits overlap, but for analytical reasons we consider them as separate.
Nelson and Rosenberg suggest that since science is basically concerned with explorative learning, scientific knowledge is often directly useful for technological problem-solving in private firms. For instance, the general principle related to a pharmaceutical drug may be scientific knowledge, but the artifact only becomes a commercial product after a process in which scientific and technological knowledge interact. In other words, there are often complementarities between scientific and technological knowledge utilized by private firms (Agarwal & Ohyama, 2012) .
In this context, Gibbons and Johnston (1974) found that scientists were particularly critical for "translating" information from scientific journals into a form that was meaningful to industry problem-solvers. Former university scientists also are able to draw on social networks in the university system to help their technological problem-solving activities. One of the respondents in Gibbons and Johnston's (1974: 238) study noted that:
Whenever we had a knotty problem I knew I could always go up to the uni (sic) and talk it over with the electronics people I knew from the old days, and what's more use their equipment and library. I kept this quiet and I got a reputation as the man to see with a difficult problem.
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Former university scientists are also able to draw on international networks of colleagues and co-authors, which increases the awareness of their employers of the leading scientists in relevant fields and their scientific resources (Murray, 2004) .
The third advantage is that former university scientists are able to apply their general research skills and techniques to technological problems. Gibbons and Johnston (1974) found that scientists presented with a problem may be able to provide a direct solution, but more often will suggest alternative ways of tackling it to reduce the range of possibilities, or access equipment and procedures to test the feasibility of a solution. At a more general level, Fleming and Sorenson (2004) We argue that, given the potentially major benefits to firms of combining scientific knowledge, skills and techniques with technological problem-solving activities, hiring university scientists compared to recruiting recent graduates and joiners from other firms will have a stronger effect on innovation activity. Recent graduates have less scientific experience and less involvement in scientific networks than former university researchers, and thus have less "science" to offer the firm. Joiners from other firms are likely to contribute knowledge, skills and techniques that are mostly similar to those owned by the focal firm. Song et al. (2003) 
The costs of hiring scientists: Investments in absorptive capacity
While the benefits to firms from science and recruitment of university scientists are evident, hiring scientists implies some non-trivial costs for the recruiting firm (additional to the usual cost of new hires). These non-trivial costs include the difficulty of integrating university scientists into the firm's local knowledge production. The costs involved in crossing the boundary between science and technology are related to fundamental differences in the structure of knowledge production in these spheres. Science and technology are similar in that they use similar inputs (scientists, engineers, laboratories) and produce similar outputs (knowledge) (Pavitt, 1991) and there are some famous examples of exceptional science being performed in the laboratories of large industrial firms (Rosenberg, 1990) . However, Pavitt (1991) highlights that these observations overlook the very different nature and purpose of the core activities of university and business laboratories.
According to Dasgupta and David (1994) , the fundamental differences between scientific and technological knowledge are the nature of the goals, the norms of behavior (especially regarding the disclosure of knowledge) and the reward systems that are considered legitimate by the two communities of researchers. Based on these goals, norms and incentives, academically trained scientists tend to have a strong "taste for science" including a preference for basic research, the freedom to choose among research projects, and disclosure of research results through publications (Agarwal & Ohyama, 2012; Roach & Sauermann, 2010; Stern, 2004) . It should be noted, however, that industry-employed scientists tend to have a stronger preference for pay and a relatively weaker preference for academic freedom when compared to university scientists (Sauermann & Stephan, 2012) . Also, while industry may often need scientific insights to resolve technological problems or to identify new ideas, firms do not gain directly from contributing to important scientific questions (Gittelman & Kogut, 2003; Lacetera, 2009 ). These observations suggest that employment of former university scientists may be challenging for profit-oriented business firms.
Firms often respond by allowing employees from academia to have involvement in activities such as publishing (Cockburn & Henderson, 1998; Ding, 2011; Roach & Sauermann, 2010; Rosenberg, 1990) . Nevertheless, integrating individual scientists into the innovative activities of for-profit firms can be difficult and can produce tensions. It is necessary to have a deliberate strategy involving a laborious process of learning in order to exploit these potentially valuable knowledge inputs. In our setting this means firms need a certain level of absorptive capacity in order to assimilate university scientists and integrate the important knowledge and skills they confer. Cohen and Levinthal (1990: 128) argue that a firms' absorptive capacity is "largely a function of the level of prior related knowledge." We use this argument to support the idea that firms with experience of recruiting university scientists will be more likely and more keen to accommodate these scientists and will have learnt how to integrate them in the firm's knowledge production activity. They will be able to cope with employees unaccustomed to the goals, norms and incentives of for-profit organizations.
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In addition to the learning effect, experience of employing former university scientists is a signal to university scientists with a real "taste for science" that the firm in question will allow their continued involvement in academic activities. Employees with a university science background can help identify potential recruits and inform potential candidates about the firm's "science strategy" and work conditions (Ding, 2011) . It is particularly important for private firms to be able to hire scientists who have a degree of "taste for science" as such a taste is a necessary condition for individual scientist's being able to offer the state-of-the-art scientific skills and knowledge that will benefit industrial innovation. In sum, we hypothesize that:
Hypothesis 3: Firms' recent experience of hiring university researchers enhances the effect of the newly hired university researchers' contributions to innovative activity.
Hiring experience and recent graduates
In their review of the literature on the economic benefits of publicly funded basic research, Salter and Martin (2001: 522) , conclude that "[m]any studies of the economic benefits of publicly funded research identify skilled graduates as the primary benefit that flows to firms" because new graduates entering industry bring knowledge about recent scientific research as well as scientific skills and techniques. It is inevitable that recent graduates will have less scientific experience and will be less deeply embedded in scientific networks. These factors are less important if the hiring firm already employs former university scientists because they can help train these recent graduate recruits and introduce them to their professional scientific networks. 
METHODS
Data
Patent data. The first set of data is all patent applications filed with the EPO since 1978
(when the EPO was established) with at least one Danish applicant. These data are taken from the EPO's PatStat ("Worldwide Patent Statistical Database"). This data set is critical since our measure of innovation is patent counts. Although patent counts clearly are imperfect proxies for real innovative activity (Arundel & Kabla, 1998) , they provide a proxy for the intermediary output, R&D; are representative of a specific invention (patent applications refer to single inventions); and can be related to patent value correlates (Trajtenberg, 1990) . Patent counts are used extensively in the management (Almeida & Kogut, 1999; Song et al., 2003; Stuart & Podolny, 1996) and economics literature (Blundell, Griffith, & van Reenen, 1995; Griliches, 1990; Kim & Marschke, 2005) . Our data end in 2004 due to reporting lags at the EPO. 
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To create our data set we matched the unique firm identifiers from the firm-level data, with each of the patent applicants in our patent data. We achieved a matching for 95 percent of the applicants. The unmatched ones are firms that exited before 1999, and would have been excluded because our firm-level information begins only in 1999. Since current patent counts are the result of past research efforts, we lag all R&D-related variables by one period as in Blundell et al. (1999) . Therefore the effective starting date of the within-sample period is 2000; 1978-99 is a pre-sample period of information on patents used in the estimation (see below).
Firm identifier numbers make it straightforward to match patent application and firm-level data, which essentially contains balance sheet information. Finally we matched these data to our employee-level data, which provides information on the highest level of education attained by the individual worker, and details of current occupation. We use this information to define our population of R&D workers. The employee-level data were aggregated to the firm level before being merged, i.e. our estimations consider the total number of R&D workers in each firm.
We do not consider the whole population of firms since firms with no R&D workers are unlikely to patent (see the findings in Kaiser, Kongsted, & Rønde, 2008 , using similar data).
Therefore the final data set is subject to the following restrictions: first, data are for firms with at least one R&D worker. R&D workers are defined as individuals aged between 20 and 75, with a master's or PhD degree in technical sciences, natural sciences, veterinary sciences, agricultural sciences or health sciences, occupying a job function that requires a "high" (professionals Having defined all the relevant worker types, the employer-employee link is used to aggregate the information at firm-level, and then to determine the share of each R&D worker type for each firm.
We control also for a set of variables conventionally considered to be determinants of patent activity. First, we include the natural logarithm of the total number of R&D workers-ln(R&D workers). Second, we include capital stock, measured as the book value of physical capitalln(capital stock). Third, we control for firm openness to cooperate with other entities using a dummy variable that is coded 1 if the firm has co-patented with another legally independent firm-Previous cooperation and zero otherwise. We checked manually (on websites) for legal independence of respective international co-patentees because our data refer only to Danish firms. Fourth, we include a dummy variable for openness defined as co-patenting with a public sector entity-Previous cooperation with public sector. Most public-private research endeavors in Denmark are set up via a network of nine independent research and technology organizations which account for most public sector co-patentees. Fifth, we include a set of sector dummies defined according to the two-digit NACE Rev.1 industry classification, and we control for regional effects and time-fixed effects using dummy variables. Finally, we account for unobserved permanent firm heterogeneity and state dependence as described below.
Model Specification and Estimation
The patent production function. We assume a Cobb-Douglas knowledge production function (Blundell et al., 1995; Hausman, Hall, & Griliches, 1984 
where s k denotes the share of labor type k, s k = L k /L, and stayers are the omitted reference category.
Count data models. The dependent variable is discrete and takes the values zero or a positive integer, making a count data model appropriate. The most popular count data model is Poisson regression (Cameron & Trivedi, 1986; Winkelmann, 2008) with an exponential mean function, as applied in Hausman et al. (1984) . However, the Poisson model assumes equality between conditional mean and conditional variance, i.e., equi-dispersion. This assumption is often violated when using patent data (Blundell et al., 1995; Cincera, 1997) . We chose the Negative Binomial model which allows for a more flexible relationship between mean and variance and for over-dispersion in the data. Tests for equality of mean and variance also favor the Negative Binomial model over the Poisson model.
Unobserved heterogeneity. Our specification controls for firm-specific permanent heterogeneity in patenting activity, e.g.,, due to differences in R&D management, different R&D investment appropriability conditions, or different technological opportunities. There are two commonly used ways to deal with this problem: fixed effects and random effects models.
Random effects are not plausible in our setting since unobserved permanent heterogeneity most likely will be correlated with the regressors. Blundell et al. (1995; suggest fixed effects to proxy for unobserved permanent heterogeneity. Their "pre-sample mean estimator" is developed for count data models where the information on the dependent variable covers a longer period than the information on the explanatory variables. This applies to our data: the patent data start in 1978; the firm-level information (allowing for lags) starts in 2000. The estimator uses the average of the dependent variable over the pre-sample period as a proxy for correlated fixed effects (for each firm). Hence the key assumption here is that the main source of unobserved permanent heterogeneity in patent productivity is the pre-sample patent stock.
The pre-sample mean estimator relies on the stationarity of the dependent variable. Since there is a strong upward trend in the number of patent applications, we apply a trend adjustment to the proxy variable as suggested by Kaiser et al. (2008) . In our practical implementation of the fixed effects proxy variable, we follow Blundell et al. (1995; and include the natural logarithm of the pre-sample mean number of patent applications per firm. For firms with no presample patent applications, we substitute an arbitrary small constant as in Blundell et al. (1999) .
To account for this non-linear transformation and for the patent count being 0 for most firms, we include a dummy variable coded 1 if the firm has at least one pre-sample patent and 0 otherwise.
State dependence.
We control for possible state dependence in patenting activity. Blundell et al. (1995) include firm i's discounted patent stock as an explanatory variable. However, we 20 follow the approach in Crépon and Duguet (1997) and introduce state dependence by including a dummy variable for patenting activity in t-1, since this emphasizes recent patenting activity and circumvents collinearity problems by using fixed effects proxy variables. Table 1 presents the firm level descriptive statistics for the dependent and explanatory variables. It differentiates between firms with pre-sample patents, i.e., firms with at least one patent application before 1999, and firms with no pre-sample patent applications. Stayers (63.1%) constitute by far the largest group of R&D workers among current R&D employment, followed by support workers (16.1%), and joiners from the private sector (11.5%). Other joiners, and recent graduates account for about 4 percent each of the R&D workforce, while joiners from university research constitute the smallest employment category at 0.8 percent of all R&D workers. In our data, the average firm employs about seven R&D workers; firms with patenting activity prior to 1999 employ 21 R&D workers; and firms without pre-sample patents employ about 5 R&D workers.
RESULTS
[Insert Table 1 about here] Table 2 consists of a correlation matrix of our explanatory variables. It shows that the correlation between variables is low, confirmed by a mean variance inflation factor (VIF) of 1.67, which is well below the critical value of 10 suggested by Belsley et al. (1980) .
[Insert Table 2 about here] Hypotheses 1 and 2 imply multiple comparisons, so we conduct tests for joint significance.
Hypothesis 1 refers to three types of joiners (firm joiners, university researchers, university graduates) whose effect on patenting is compared to the contribution of stayers. We test separately for each of these mobile labor types' contributions to patenting compared to that of stayers, and apply joint tests for firm joiners, university researchers and university graduates contributing more than stayers. The results for the joint significance tests and the findings related to Hypothesis 2 (comparing university researchers with firm joiners and also with university graduates) are presented in Table 4 .
[Insert Table 3 about here]
Hypothesis 1 states that joiners (of any type) contribute more to innovative activity than stayers. Table 3 Model I shows that the effects of joiners from firms, other joiners and university researchers are all positive and significantly different from the effect of stayers on innovative output, but that the effects of graduate joiners and support workers are not. When we look at the joint effect (stayers vs. the three different types of joiners-see Table 4 ), we find clear support for our hypothesis because the joint test is significant at the 1 percent level. The results are also consistent with Hypothesis 2 that newly hired university researchers contribute more to innovative activity than newly hired recent graduates or joiners from (other) firms. First, the coefficient of the share of university researchers is large, and significant at the 1 percent level (see Table 3 , Model I). Second, the joint test for the effect of hiring university researchers compared to the effects of newly hired recent graduates and joiners from firms is significant at the 5 percent level (see Table 4 ).
[Insert Table 4 about here]
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Hypotheses 3 and 4 refer to firm j having hired a university researcher in the recent past.
Recent experience in hiring university researchers is defined as hiring by firm j at t-2. To test Hypothesis 3 we interact this dummy variable with the share of university researchers firm j hired at t. To test Hypothesis 4 we interact the dummy variable for past experience of hiring university researchers with the share of recent graduates. We find support for Hypothesis 3 that recent experience of hiring a university researcher enhances the contribution of new university recruits to innovative activity. Table 3 , Model II, shows that the effect of the share of newly hired university researchers at t-1 interacted with the share of recently hired university researchers at t-2 is positive and significant at the 5 percent level. Note that the main effect of newly hired university researchers at t-1, disappears when the interaction term is inserted into the regression. Thus absorptive capacity matters. Hypothesis 4 proposed that experience of hiring university researchers enhances the contribution of newly hired recent graduates to innovative activity. Our results provide strong support for this hypothesis: the interaction effect of newly hired recent graduates and the share of hired university researchers at t-2 is positive and statistically highly significant. In contrast, in Model II the coefficient of (non-interacted) graduate joiners is statistically insignificant. This indicates that only firms with experience of hiring university researchers are able to benefit from current hiring of university graduates, which highlights the importance of absorptive capacity. Table 5 presents the marginal effects. Marginal effects provide information on the absolute change in the expected number of patent applications due to an increase of one in the number of workers from a particular skill group. Marginal effects are linearly dependent on the number of the firm's patent applications, which implies that marginal effects are 0 if the firm did not apply for a patent. Table 5 presents the marginal effects across (i) all firms, (ii) firms with patents in the period under consideration, and (iii) firms with pre-sample patents. We present marginal effects also for the average firm had it applied for a patent (the same calculation as in (i) but with exactly 1 patent "artificially" assigned to each firm).
[Insert Table 5 about here]
Starting with the specification with no interaction, Table 5 shows that university joiners make the largest contribution to firms' patenting. Across all firms, one additional university researcher The marginal effects for the specification with the interaction for previous hires of university researchers confirms our finding about the importance of past hires for innovation. Table 5 shows that the marginal effect of university researchers is 0.20-five additional workers generate one additional patent for firms with experience of university researcher hires (across all observations). For the average firm with one patent and past university researcher hires, the marginal effect is 0.53; i.e., two additional workers generate one additional patent. In contrast, the marginal effect of recruiting a university researcher is statistically insignificant for firms with no experience of hiring university researchers. We find similar results for recent university graduates. The marginal effect is 0.15 for firms with past university researcher hires and substantially larger than the effect for firm joiners at 0.03. However, firm joiners is the only group that statistically significantly adds to the patenting activity of firms without university researcher hires. The marginal effect is 0.05 for this type of worker across all firms.
ALTERNATIVE EXPLANATIONS AND ROBUSTNESS CHECKS
In this section we discuss whether there may be other factors driving our estimation results, and run alternative models to check whether our results hold in different settings. For reasons of space the estimations and results are not presented here. Alternative explanations for our results include differences in experience and education among worker groups. Mobile workers might be more experienced and better educated than non-mobile workers (related to Hypothesis 1), and this might be true also of joiners from university research versus recent graduates and joiners from other firms (related to Hypothesis 2). This might be an alternative explanation for our empirical results. However, inspection of our data lends additional support to Hypothesis 1:
mobile workers tend to be less experienced and less well educated than their stayer peers, and this holds also for recent graduates and joiners from firms.
When comparing joiners from university research and recent graduates, as expected, we find clear differences in experience and formal education levels. However, both these differences can be regarded as integral to the predicted differences in the amount and quality of the scientific and technical human capital accumulated by workers in either group; thus our descriptive findings are consistent with Hypothesis 2. In relation to the timing of moves between academe and industry it seems that most moves out of university employment are the result of unfavorable tenure decisions, and therefore work against the effect of positive selection after graduation.
We observe also that firm joiners on average are more experienced than joiners from university research. This effect would tend to offset our results and hence reinforces our interpretation based on the theoretical model. Education levels are higher among joiners from university research, which is consistent with our interpretation that the differential effect between joiners from university research and firm joiners is driven by the better ability of university scientists to re-combine scientific skills and techniques and by access to useful social networks.
These considerations support Hypothesis 2. A final alternative explanation for our findings might be that university researchers and university graduates tend to want to participate in patentintensive sectors. However, our data show that this is not the case. These alternative explanations tend to reinforce our actual findings.
We conducted robustness checks for whether not applying citation weighting changes the findings. The results of the main model in Table 3 are fully supported when citation weights are not applied to our dependent variable although the corresponding coefficient estimates and marginal effects are slightly smaller compared to the specification with citation weights. Finally,
we analyzed to what extent very patenting active firms-possibly very relevant in a small economy such as Denmark-and the chemicals sector (which includes biotechnology) which is a particularly patent active sector, matter for the results. We found that neither the exclusion of neither very patenting active firms nor firms in the chemicals industry substantially affects our estimation results for the baseline model. However, the corresponding coefficient estimates and the marginal effects are smaller than for the full data.
CONCLUDING DISCUSSION
This paper started from the proposition that firms' hiring of university researchers can provide important support for boundary-spanning search which leads to more firm-level innovation. Our empirical approach took account of state dependence and unobserved firm-specific timeinvariant heterogeneity. We found support for the general idea that inward mobility of researchers has a positive effect on the level of innovative activities in private business firms.
More specifically, we demonstrated that newly hired university researchers play a greater role in affecting innovative activity than newly hired recent graduates or joiners from firms, but only if the hiring firms have recent experience of recruiting university researchers. We observed also that firms' recent experience of hiring university researchers enhances the effect of newly hired recent graduates' contributions to innovative activity.
Our study adds to the existing research. First, we contribute by extending the theoretical and empirical underpinnings of the resource-based view (RBV) of the firm. The RBV suggests that variations in investment choices over resources, drive variations in firm performance. However, the RBV provides little information on how firms identify opportunities and make ex-ante investments that become valuable ex-post. Although proponents of the RBV acknowledge that recruitment from outside may enable firms to overcome the constraints on firm growth imposed by internal resources and capabilities (Barney, 1991; Penrose, 1959) , the theory does not explain how such recruitment helps to generate innovation and value. The knowledge-based view can be considered an extension of the RBV. It states that a firm's competitive advantage depends on its ability to combine previously separate bodies of knowledge, however, it is not precise about how these elements should be combined to create this competitive advantage. Although we do not provide complete solutions, we make a contribution by providing a set of micro mechanisms that underpin how newly recruited human capital in the form of university scientists can provide important inputs to the innovation process in private business firms.
We contribute also to the organizational learning literature (Levinthal & March, 1993; Rosenkopf & Nerkar, 2001 ) by establishing theoretically-and corroborating empirically-that recruiting university researchers is an important way to overcome local search problems at firm level. We also explicitly address the important costs of this boundary-spanning search.
Empirically, we found only positive effects from hiring recent graduates and university 27 researchers provided that the focal firm has some experience of hiring university researchers: in line with the idea proposed by Cohen and Levinthal (1990) and Rosenberg (1990) in the context of private firms' absorptive capacity, knowledge is not a public good and its absorption requires substantial and specific investment. It should be noted that the effect of absorptive capacity is likely to have been underestimated in our results. It is possible that the positive effect of hiring the first university scientist will be potentially higher than the effect derived from hiring the n th scientist, given the high potential for knowledge recombination. Other things being equal, this would imply a negative interaction effect of newly hired university researchers at t-1 interacted with the share of recently hired university researchers at t-2. However, we found a positive effect, indicating that the ability to utilize these potentially valuable sources of knowledge, skills, and techniques needs to be learnt through a laborious and painstaking process.
Finally, we contribute to the literature on university-industry interactions. We show that the transfer of knowledge between universities and private business firms is not confined to formal research cooperation and joint research projects, the assumption in much of the literature. Publicprivate transfer of knowledge is also achieved through mobility of university researchers and hiring of recent graduates, which we show have sizeable economic and statistically highly significant effects on the innovative activity of private firms.
The findings from this study have implications for managerial practice. For example, the contribution of R&D stayers is small in both absolute and relative terms, which suggests that firms need to devise strategies to keep their worker stock up-to-date with science and engineering developments. This might include initiatives to facilitate exchanges of knowledge between academia and industry. Hiring from academia should of course reduce the adverse effects of knowledge decay, prompting the question of why industry does not recruit more from universities, especially given our finding that the direct contribution to patenting activity of stayers is much lower than that of mobile workers. We would suggest that the reason might be related to "endogenous absorptive capacity" (Arora & Gambardella, 1990; Cockburn & Henderson, 1998; Cohen & Levinthal, 1990; Zahra & George, 2002) . Certainly, our results suggest that absorptive capacity is crucially important in this context: firms with no prior experience of hiring university researchers may find it difficult to integrate them into their knowledge production.
This study has some limitations. As already noted, we model only one particular antecedent to absorptive capacity: previous experience of hiring and integrating university researchers. While this approach has advantages in our context, future research could model more facets of the notion of absorptive capacity. Also, Fleming and Sorenson (2004) suggest that scientific thinking for performing technological search is more important when technologies are tightly coupled.
We need to investigate whether hiring university scientists is more beneficial for firm-level innovative activity in firms working with tightly coupled technologies compared to firms engaged in less closely connected technologies. Insights from this research could inform management decisions about R&D worker recruitment, and the types of workers that would bring the most benefits. Note: Descriptive statistics for the entire set of observations, for observations of firms with pre-sample patents and those with no pre-sample patents. Note: Based on the estimation results in Table 2 . The top panel refers to the specification without interactions with the dummy variable for past university hires, the two lower panels refer to the specification with interactions included. Marginal effects are evaluated at the means of the involved variables. E.g., 1 additional joiner from a private firm is related to 0.039 additional citations-weighted patents for the firms in the specification with no past university hires interactions.
TABLE 2 Correlations
